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mm^] mmm 

m^mi^ Mos h'^yp7.^^^/uiEmmm^(Dmm^^mn:^mz 

miLK^nxm-m,-t^:^ii^mn}i-t^m^^imm<Dmmnmtm:f3mo 

-r-SCH-r-S^^t = A t 1 , t = A t 1 + A t 2^CfeV^T, E = RsXi (t 
) +v (t) r---^-, i (t) \%^m'^^)\^(D^mMM. V (t) It^^^'f 
;kd^««JBEj ff^miLl^. (E-v(t)), i(t) h 
nmzis\-^^i d s-Y d s r-zi-e, i d s F v-Y > • v-:^rail^> Vd 

Migc®J^#«EV 1. r(Z)J^#fcM-r-&tT?®^raA t 1, SalH^ftlMi^^rMT 
m^WBE^TM-r-S^^A t 2 $:^^-r-5:iil$:#^i:'r'&»^^l tfcliW^ 
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[00 0 1] 
[0 0 0 2] 

(INV) 10 1i:>f>A-^ (INV) 1 0 2^fe^l 0 3T*g^^b:fe 

^m^mm^mi oiz^-r^'^izj^m-t^. z:r.x\ >f i o i:^^e>^^ 

^^tz.y V ^yy^iS^m^\-t2,^ka>^^x—n.'t^^'D\z.^ SH^i o 3©rc 
^M^wm^i 0 ii^ii-a-^yn-^ i o 2<7)A*tf>(7)^»c z^^^^x^ 

10 8 S:«^-r-5o 
[0 0 0 3] 

S„ 33T% RCrJ^^^iJtiai^l 0 7(Z)A:tf{|!l^»$:^*C 2"e^t)i-^^t;tC 
, RC^^m^iilEll^l 0 TcDffii^M^i^-tSB-r^/N'-^ 1 0 2.\ZlB\-^^K±\f. 
>(D^«Cgh5:^aClT'^*5b, RC:$^:^^^lgCllIl^l 0 7 (Z)^*t:RJC J: U , 
SI 1 lC5t-rJ;e»JC, 7rMtft#^5=';H 0 9 ?:f^^-t^. 
[0 0 0 4] 

$^tc, r^T'li, if©j:e)JS:y-^^^;i/l 0 6 UT=fo, Ell 

T. 01 10lmH&S:^^LT^i^tl^«i±^S?^*^ifi^KT^TV^-6J:•?^CC^d^2 
R^^lfH(^7r^:a^tf^7=;b$:fll^t-^ = 
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[0 0 0 5] 

^®3fi{K:S'^^C■3V^T^d:. 5fc^?^^^i^Mo d e 1 i n g the Driv 
ing — Point Characteristic of Resistiv 
e Interconnext for Accurate Delay Es 
timation(Proc. IEEE International Con 
ference on Computer— Aieded— Design, 19 

8 9^) m^$tlTv^-5©T% mm^jtmmitm^^-r^-^K /-^^-^yizmcxr 
Y^^y^y^Y (s) ^T^mt>^^mwvr. ^-hmij^ti^^^r^r 

>>^Y (S) i:^cmF igureS, ^ (19) (3 2) #0,) , # 

e>tlfeT ^;/^f>XY (S) }^)^^R, CI, C2S:^^t-'S (iSCS^^ (14) 

— (16) mm) o 

[0 0 0 6] 

3®cl:^lC#^L/fc:a#^^;i/ 10 9 ^C*f LT, y-X=E^;i/ l O 6 SrM^L 

^1^%:SCMA Gate Delay Model for High-Spe 
ed-CMOS Circuits (Proc. 31st ACM/IEE 
E Design Automation Conference, 1994) 

[0 0 0 7] 

Hi2ii, >f 1 0 1 ® h^>i;:^^«^0"^S>-g>o ffi:tf^d^Y<D 

Rise^#ASil^, Ai7^^'A(D«fi[*'JL>b^^HJC^>fb (A — YCDRise 
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r^jctc, t^jf^ii® 1 1 x^mht^mmnm^^^ 7rMA#^^;i/ 109$:, mm 

[0 0 0 8] 

^, mmzmmmmmizm'p-t^mm 3 ic^m-r 1 ® ^ - > s^^t; 

fe-Sc =ge5f5CD^5';i/"eii, 01 3 lC3^-t-J:e)lC, m^x^JEjb^^raA t 0~Vd 

d^T-tt^^'fb-r-5i^^fi^xE (t) xmm.i^. m^ij^mm-t^mmm^ 

i:v>^^^*^^o^„ A:^j?^?^oM^i:m:*A#^*S:#^-r-5 2r^5T: 

:fe#5^-:/;i/fft*'^3-Diciifx--5fe«b, ^- e>K::^^ < 

[0 0 0 9] 

z.(Dmmit±m<D^vf3^Mm^mm-ir^r:ii^izfj:-^tirz.%<Dx. mmi>'mm-t 
^mmmi^ cmmz) ^mMx^^^oizLx. h^yi:^7.3i<Dm^^mz^m 

[0 0 10] 



4 



ffiIiE# 2000-3091473 



#2000—314251 



[0 0 1 1 ] 

^<DmmmmzM}^h. ^-hm^-^xnm.ff^mm-t^f^zcDm^ii. h^y 
i}^mmn&Eiz±^-t^KM't^^mt = Ati, t=Ati+At zizis^^x 

, E = RsXi (t) + v (t) r---e, i (t) 

V (t) «:ft#^7=;i/(Z)3^m«mj a^miLL. (e-v (t) ) , i (t) 

l^^l^hti-^^- hW,mzi5i-^^ 1 d s -V d s fZLZiX\ Idslj:Kl^^>- 

mmm^m^^f^xmmnBt.xm.-t^^mA t 2 ^m^-t^%(Dx^^o 
z<Dmmiz^^mm^mtYn:^mt. ^i^^^^nr=.^~ hnmzisv^^ 1 d 

mmm^!^&t^Aijx;i'-u-h(Dmmmmtxmmhr=.mm'^^^^v 

zL^mmiz^^mmmmt.. ^(Dmmizm?>mmmmt[m-:^m^mn-ts =1 > 

hf J- - ^ n ^ ^ A 5: IB ^ b ^ ® ^ c 

[0 0 12] 



5 



ffifE# 2000-3091473 



4t2 000 — 314251 



mmomm i . 

^r^bXVN^o >r>A-^ri, 2lii:=bic0l 20j;e)lcPMO S 

, NMOS h'^yiy:^^ mc^vm^^ti^. ^bx. 02 ic^^-J; e)tc, >f> 

7 J: t)f-r > A- ^ 2 (DA;^J fcr>^»C g i: Xr^^^^^^ 8 5:^ 
[0 0 13] 

oV^X. JifHAWSJ^^^S ICfel-f-S RC^^:mSiltllIl?&7 (DA:^JiU^»5:^* 
C 2 x^fc-r i: tc, R C^^^^iS[IlIj^ 7 (Dffi:d{W^*i:±IBAiJi^>®^* 
CgilCD-^^^aSr^ac 1X^*5 RC^^^^^IlIj^7®SmRlC<fcy, 0 

5R«)H9~E1 1 hlf CX$)-g>„ 
[0 0 14] 

>$/'x3f<Dy-x^m<D^^fife#ft?:^3St- 'S^^^';!/ (OT> E (t) 

■So 

[0 0 15] 

izm^fy^±M--t^mmi(Dmz. mm-^m^pf^^izma^^t^m.^z-^^m^. mmz 
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[0 0 16] 

ii^j^fiJ^T'imi^®^^l^'r'S^*-§>ms^*^?ssti'&fiJ|^-efes<D-e, e (t) =e 
^^<I;v^^:#;^eJn-&o e (t) \%mMi.\. M^2©^ti^'tiic?y-bT, ^raicw 

E (t) *^jt#s:Bg^-rs^^ii, t = 0(D^g^:«ie:x■rb=b-^b3&v^„ r 
«^fj<DAtj ®^ra-eE (t) liVj *-e±#b, ^©^©Atg -eE^T- 

U, ^«)^«?)e>ti:t^- hm^lcfett'S I d s - Vd s^ti^$:#^-re 
s 1 ew©Mi5c«# (^«)Mm$4i:fc3lj^>'N°^^-^i:bTSB3^$n<5») 
:^3&^>f >^^y»$:i5Mi:b:^v^<, A;^JtS??^:^^ 0 XliV d d C^ffcb^^fciiM 

M-r^r^s:Ts 1 ewi:bfci:^, s^is® t q liT s 1 ewcDmrn-vrnm-^^ 

, M;^lSt Q (T s 1 e w) =KjQ + K2o • T s 1 e w (7)^X^35^6(1?^ So 
[0 0 17] 

A°^t->2CD#-^«, M^l^ 2 b:^V^. r^^-^-l^, Atg =0, = 

EilbT, m-mmmifj-^^mmsiz^m-t^^ (t) (Dmm^¥^^o 

[0 0 18] 
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mi] 



{ 



2 = + 



RCi 



RRsC,C2' 



{ 



«t. At.V)=( t 'pf(;,4) "^"^^J ^"^ ' ( 2 ) 

3(t^V)=ll-^^exp(-pit)+^^ exp(-p2t)}V 



<casel> At^=0(D^ 
V2(t) 



{0 (O^t^tQ) 
a( t -tO.Vi)+«C t -tQ. At2.E -Vj) (,jj< t ^to+ At2) 

a( t -tD.Vi)+f( t -tQ. AI2.E -Vi)-fC t -tg- Atj. Atj.E -Vj) ( t >to+ Atj) 



(3) 



<case2> At2=0(Z)^ 



Ut-t 



»2»H *^ ' -^C^h-E) (tQ^ t ^to+ At,) 

-tQ.Ati.E)-f( t -tQ- Ati,At,.E) ( t >tQ+ Ati) 



(4) 



<case3> At^, Atg^O 
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2(0= 



f( t -tQ. A ti.Vi) (tp^ t ^tQ+ A tj) 

f(t -to.Ati,Vi)-fiCt -tQ-Ati.Atj.Vi) (t(,+ Ati< t ^tQ+Ati+Atj) 

+« t -tg- Ati. AI2.E -Vi) 
fiC t -to.Ati,Vi)-f( t -tQ- Atj.AXi.Vi) (t >tQ+Ati+ Atj) 

+f( t -tQ- Ati,Ati2,E-Vi)-«( t -Iq- Atj- At2.Al2.E -Vj) 

(5) 

[0 0 19] 

Jg^T, I d s -Vd s^tl^Sr^^-r-SgBm-B^A t J , Vj . A t g 

2, ■MJ^l-*mJ^3, M^2^MJ^3® 3oCDi^#:<)^#:S-rS„ 
i;x^(Z)l&#.^JiV>"rtl=fe)Vg s =Vd d©! d s -Vd s ^-ffi-tlCfe-S 3 il tC 

^#<c -i-v^mx.tl^M#^#$:^^•r^^ctt, vgs=vdd^®ids-v 

, MJ^3CD I d s - Vd s^-ffili. Id s =Vd s/R s T^sB^S tl^fttlli^ 

ilLTlH^^tlSo Zltie>©#^5:6^5tJC^t- ^i*lC, V g s = V d d ^(Z> I d 

s-Vds#tt$:, Rs, Iq, I ^ V>TS 6 ® J: e) IC^f = 

Id:. V d s <R s I J V d s >R s I ^ (Dm^^mmmmt: 

M.^:r.inzf£^^ t:^Vd s =Vd d^o^fam^Sio SrSaJc^^-tsr iit?, 

[0 0 2 0] 

[0 0 2 1 ] 
1 . A t ^ 
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o msiz^bt^E (t) =^^jv(Dm^mi)-''t> 

E (t) (t) +Rsi (t) (6) 

A t ^ ) =E t^^O-V. 

(tQ+Atj)+Rsi (tQ+At-^)=E (7) 

V2 (tQ +At^ ) it. A°^->2 $:'K^L/TV>SCDT% Atg =0X-$>^ 
A^^, (4) ^®ffiS:aee»o 
[iS[6] 

(8) 

i (tQ + At^ ) ld:^5^M^®«^'efe€>o i (t) l«(^i:-9lC#^So 

(1) «%)m#5&h^>^^*:^^^7^>'VlCcttili, (Vg s -Vt h) ^ V& 
y , V g s 1 ^^^-eifi^-r 4x IS i oc t ^ i: -5 o 

(2) ®^51M®#|g$:#M-rtlli, t = t Q i = 0"e«Kl-ttllJ:&e>3&V>o 

(3) lik^j&U^m^it. t =T s 1 e w®^e-T?Vg s =V d d E 
60DI d s -Vd s#ttJC;^So V g s = V d d 

\^f=.i)^-oX t =T s 1 e wT' i = 1 1 il^-So 

"Tfe-So i (tQ +At^ ) lCl±r(Z)^$:MVNS = 
[0 0 2 2] 
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z Pi" 2 P2-« At,3 

PlP2 Pl(Pl-P2) ^ * P2CP1-P2) *^ ^ , Crs!cw-t(^2 

(10) 



[0 0 2 3] 

t^1=.\y. (10) ^Omi}"^. Atj>Tslew-tQi::fe-g>i:^> i (t^ 

+ Ati ) >ij i:&*jBi60Dids-vd s^iitf^hmB-t^ immi 
s<Dmmt. R sT-s^^-s>M^®a:^±^c^^•^4^^^^e>^v^) „ zi(D^mitm^ 

V^„ A^->lT'tt, 1 -^M^ 2 ©J^#:^U = t Q + At^ lenity, Vg 

s =E i::^;§^^-efe-2>o V g s jciUl::^ 1 r^^Sr^ffl-Ttili, ^<?)^^lit=T 
s 1 ew-efey, t^goTA =Ts lew-t^ CDM^^^mSt-T -So 
[0 0 2 4] 

^liiS^lCVg s =V d d® Ids -Vd s ^mz^m-t ^ t^^^tl^ o Vtc 

*^oTM^i ti^ft-fr-r. M^2 j:U*&*s^7^;i/^:^Sc o^yAt^ =ot- 

[0 0 2 5] 

s;i,±^mmt^ii. At ^ 

(1) easel - • - Tslew-tQ^O®^ 
A t ^ = 0 

(2) case2 - • •0<At^^Tslew-tQ(D^ 
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P1P2 PlCPi-!»2) 



«sxp(-piAti) 




(1 1) 



(3) cases - • • (11) ^(DMii^A t ^ >T s 1 e w - t q (D^ 
Atj^ =Tsle w— t Q 

[0 0 2 6] 
2. C^^^ 

Vg (tQ+Atj)+Rsi(tQH-At^)=V^ (12) 
-(3D (12) 5S;^=fo^lCVi $:g^^t-'5o 

(1) easel - ••Atj = 0 (D^ 

t = tQ -trt-^lCVg s =V d d ^::^;oTV^S«'^7?feSAvP,, i ( t q ) id: 

06® I d s -Vd s#t£JilC^S„ ^}tMiSj^®^«*^b (t^) =0 
T'fe-S^^ej, Vd s =Vd d i ( t q ) = I q T^^ll-tll^^fe b^VAZl 

=R s Iq (13) 

(2) case2- - •0<Atj^Tslew-tQ 

=E (14) 

(3) case3- • •At^=Tslew-tQ (D^ 

:r.<D^^<Dm^. A^5J-> 1 JC^g^L, t = tQ + At^ T'Vgs=VddT' 
^fe0<V2 (tQ + At^ ) <RsI^ ilf£^(DXu i&>f^.^JiS 7 ®^ 
B{C<^„ r®^, i (t« + At, ) 



1 2 
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V2(to+Ati) 

i(to4-Ati)=Io- do-Ii) (15) 

(tQ +At^ ) it. (5) ^S:MVNT> 

[fSCl 1] 

(1 6) 

(12), (15), (16) (Z)3^*^e>, l±, 
[f^l 2] 

v,^ : : 

(17) 

[0 0 2 7] 
3. Atg (O^^ 

c a s e 2©#-^li/A°a?->2-efey, At2li0^:&'5„ caselfej:tJf 
cases <D#-^lC^V%Tli, MJ^2-^M^3 ®i^|?.{CfeV^T % 

Vg (tQ + Atj + At2) +Rsi (tQ + At-^ + At2) =E 

(1 8) 

ibm^-r^. MJi?2ttvg s =vd dcD^fnM^-efe*;. mi^s tcDm^-vit. 

i = I J il^fe-So V2(tQ+At^+At2) -ft&ill^illCtfflS (3) 

^ (easel <Dm^) ^ (5) ^ (case 3 ®#A) S:deM-tS = 
[0 0 2 8] 

t«&oT, easel, c a s e 3 CO#-^CD A t 2 

(tQ +A t ^ +A t2 ) +R s =E (19) 
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^mr^-to easel, case3c^>^-^, ( 1 9 ) A t 2 > 0 1 ^ 
[0 0 2 9] 

<casel> T s 1 e w- t Q ^ 0 (D^ 
A t J = 0 

Vg (tQ+At-^+At2)RsIj=E A t g 

<case2> 0<Atj^Tslew-tQ (Dm (fcT^LAt ^ ttTIS^?: 

mi 3] 

2 pi— z P2"" z 

( 1-—; r«tp(— Pi At,) ; — r ejqK-p, At,)) E 

* P1P2 Pl(Pl-|>2> ^ P2CP1-P2> * 

At * 



!l z =0*Slfe-rAt, 

(Tslew— Iq)^ 



Vi=E 

At2=0 (2 0) 

<case3> (20) ^(OH 1 A t ^ >T s 1 e w-Iq il^&S^ 

[tSCl 4] 
At,=Tslew-to 

V,=- 



V2(t(ji- Atj+ At2)+Rs Ii = E At2 

(2 1) 



[0 0 3 0] 
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[0 0 3 1] 

mm(Dmm 2 . 

#® & #® CD -ir ;i/ i^/S' z: i: -r s o 

[0 0 3 2] 

- K®«J^^(Z>AiJjCoVAT, V t h i:^^^r^^ J:tJ^T s 1 e w©'lit*^:9-}^^o 
[0 0 3 3] 

Vth_ntt-fe;i/ (>r>>'^-^5?) |^(Z)NMO S h^>$^^;?.^(Z)b^V\^it«JBE, 
Vth_pli-fe;i/ t^OPMO S ^^>S;^'X^©L/^V^'fB«Bb$:^ 

ti^ti^^-To Ts 1 e wPtttrrm-fe;i'<DA:t;i^?J^:^W t h _ n:«)^^«^«ffiV d 

^■rttfmciD-fe;^®?^?^*^?^, ^^•fe;K7)^Mo^j;t;jT s i ewp $:^^-r-g. 

tl^l^Srt^H t.-r^. t.r=.m^m.<DT s l e w=fe;T s 1 e Wp i:ttM3&So 
[0 0 3 4] 

#©-fe;vT'ii, Ts 1 ew^mmi^x^f^tcLmmizt^^^ ^tm-ttiit. mm 
Yizmm-^t\>t=.Mmzit^^Lrj:\^^iimxhn^. «&ot, me>iiA:^jA<z)?'^ 

?^?^2(^S:^t-T s 1 e Wp <^i^cDMgS:i:5&-g>o 1 m.-^)h(Dm&MmmmiZ. Ts 
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[i5Cl5] 

tmlt^Kinj+Ka^TslcWp-m (22) 
J\y<Dp3^T s 1 e wli, 

mi 6] 

Tstew=Kit+K2tTsleWp«t (23) 

tlTv^-£>„ t^n, T s 1 e wli30MM^>f :/^U 5:Mv%-5:ii:lcj; y#e>t^ 

So 

[0 0 3 5] 

XT=fe)^V^A'?, imO-fe;i/®=^-^. (2 2), (2 3)^^CfeV^T, 
mi 7] 

il^tt-rtLlS, =0, T s 1 e w = T s 1 e Wp yif|#$:|SSlI:^<m 

[0 0 3 6] 

&s±m^oiz. :i(DmM<o^M2izj:tnt. -fe;i/WT'^S^ (CMOSi&ll^ 

[0 0 3 7] 
IIJg®?^ffi3. 
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[0 0 3 8] 

nxmm-t^ ^ o \zmmhf:L0^x. v=^yp:K^(Dmmm.mxnm.t^mm-t^m 

[0 0 3 9] 

izmmvr^(Dx. mmmw:miz^m-^nr=.mmm(DWsmmm^m^-t^h^yv' 

[0 0 4 0] 

zio^mmiz^nit. ^Ey'Mt-^ntc.h^y i^::^^ (omi^^^ff^^Mn&EK± 

^-r-SJCH-r-S^^t = A t 1, t =At 1 +A t 2(CfeV\T, E = RsXi ( 
t) +v (t) ff^miLL. (E-v (t) ) , i (t) i}'^^i^^&)i^tir^^-h 

mmziBi-fsi d s-vd s#ffiilSJ:^cfesi:v^•5^f^*^e>. w.mmi^t.mmM 
Mffi^-e^-r-s^raA t 2^vi:&-r^^^izm^h^(Dx\ v^yvT^^KDm 

^#-14 $:iftSK < ff-^-r S r }^)^T' ^ ^ i: v^ „ 

[0 0 4 1 ] 

^0D5fe^JCi;4xli, ^*^i*^ti;t>f- N«^ic33l-t'5 I d s - Vd s 
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[0 0 4 2] 

[01 ] rcz)|g^<Diiiicz)?^ffii ic^itstm^^^M^^ttmH-efeSo 

[02] tlIg&^^^#®f^^EIT'feeo 

[S3] :^^^7^;i/®^^0i?^€>o 
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